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INTRODUCTION.
This thesis presents a preliminary study of the effects
of the application of certain soluble fertilizors on the amount
of starch found in the leaves of chrysanthemum plants. Since
starch represents the carbohydrate reserve of most plants, it
follows that the life and health of the plant will be affected by
any factor which influences the amount of starch stored up. The
starch which is thus in reserve in the plant is hydrolyzed by the
diastase in the cells to maltose, in which form it is evidently
carried again thru the plant circulation until it ie ultimately
consumed.
The effects of pure salts on the speed of hydrolysis
of the starch by diastase have been studied at some length by
Sherman and others. 3eal and Muncie, in some work as yet
unpublished, have pointed out that when carnation plants are over-
fed with potassium sulphate the starch content of the leaves is
far below normal and the maltose content of the cell sap is
greatly increased, and at the same time an exudation of nectar
rich in sugar takes place in the blossoms of those plants which
have received the largest or* most continuous applications. In
view of this work, it was thought interesting to determine, if
possible, the effect of applications of fertilizing salts made
during different periods of time to the soil in which the
chrysanthemum plants were grown.
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CULTURE OF PLANTS AND COLLECTION OP SAMPLES.
All of the plants were grown in the season of 1013,
the Colonel Appleton variety alone being used. These plants were
propogated in the usual manner from cuttings, and during the
period of study were grown in ordinary potting soil on the benches
in the greenhouse.
The fertilizer was applied to the soil in water
solution. The three used werei ammonium sulphate in concentration
of 13 grams per gallon; di-sodium phosphate, 13 grams per gallon;
and potassium sulphate, 6.5 grams per gallon. These are
designated respectively as N, P, and K.
The plants were divided, all on the same bench, for
treatment with a fertilizer. The first series, N, P, and K,
received applications from the time of the final potting until the
flower bud was well set on. The second series, 2N, 2P, and 2K,
received the salts from the time the buds were well set on until
they were in full bloom. Combinations of the fertilizing salts
were used in the same manner and of the same concentrations, the
mixtures being NP, NK, PK, and NPK.
Of the appearance of the plant and blossom, the
following is to be said. The leaves of the nitrogen fed plants
retain their green color , well, and are at the same time thicker
and glossier. This thickening is due, in part at least, to an
enlargement of the cells. The leaves at the same time became
more brittle. The leaves of the P' and K series show a progressive
reddening from the edges in, less marked in the K series than in
the P series.

The flowers of the P and K series lasted extremely well
and at the same time retained their color well. Those of the N
series were much softer than the others and could not be regarded
as choice flowers. At the same time, a gradual reddening of the
petals was noticed.
The samples were collected on November 11, 1913. The
leaves were picked from plants in each treatment and from check
plants for analysis. Where the leaves were large, as in the N
series, 30 were taken, 40 from the medium sized leaves, K and some
N, and 50 from the small leaves, P and PK. Ten leaves were
chosen from each plant, all on the shady side of the bench except
NPK, taking approximately every third leaf from the flower until
ten were secured. The samples from the check plants were taken
at random, but on the sunny side.
The leaves were immediately placed in four ounce wide
mouth bottles, fitted with corks in which a hole had been bored
in the lower part and filled with cotton. Before beginning the
collection of the samples, the cotton in each bottle was saturated
with chloroform in order that each bottle might be filled with
chloroform vapor. When the leaves were placed in the bottles, the
chloroform paralysed the diastase for a time. A3 soon as possible
the leaves were placed in an oven at 100 C, and kept for one
hour, then the temperature kept at 60 0. till the leaves were dry.
In this way the diastase was finally killed and all the starch
splitting action prevented. When dry the samples were ground to
pass an 80 mesh sieve*

STARCH AND ITS DETERMINATION,
Staroh, because of its wide distribution, its great
food value, and the mystery connected with its formation had been
made the subject of much study. Its discovery dateB back to the
18th. century, but it has been studied more extensively since
about 1850. The early literature was very vague and incomplete,
probably because starch could not be synthesized. For this reason
the work has been done in the reverse direction and has been
oonfined to the classification of starches and their decomposition
products. The fact that the decomposition products are valuable
and easily obtained has led to the development of a great industry
Following the qualitative tests first devised for
starch, quantitative tests were developed and a complete scheme
for analysis worked up. The first noteworthy fact observed was
the action of dilute acids on starch. This reaction has been the
basis for all commercial industries using starch. When starch is
treated with dilute acid or alkali, water is added to the starch
molecule and it breaks down, passing thru a series of compounds:
amylo-dextrin, erythro-dextrin, dextrin, and maltose, to dextrose
or glucose, known as starch sugar. All of these degredation
products are soluble in water.
°6H10 5 +
3
P° =
C
6
H1S°6
This process seems simple enough but what really happens is
hardly known. The acid may form addition products, but these are
broken down and the acid acts only as a catalyst.

5.
THE DIASTASE METHOD.
That starch is broken down into sugars by dilute acids
is all that it is necessary to know for a qualitative test, but
when atarch is to be determined quantitatively further precautions
must be taken. If the substance to be analyzed contains nothing
but starch and it is hydrolyzed by dilute acid, all will be
transformed into dextrose, the amount of which can be determined
by the amount of Cu precipitated from Fehling's solution. But
MP
since the structure and components of different organic materials,
such as feeds, plants, etc,, have been examined more closely,
other bodies resembling starches in general have been found which
cannot be classed as starch. When these substances, of which
pentosans are characteristic, are treated with dilute acids, they
act like starch in that they are hydrolyzed to reducing sugars.
Hence, if a substance containing both starch and pentosans was
treated with acid and the starch determined by its reducing power,
the amount of Cu precipitated would be due to both the starch
and pentosans, and the result, if expressed as starch, would be
too high.
To obtain correct results, a method has been devised
to separate the starch and^ pentosans . The pentosans in foods are
quite insoluble in water, and by a treatment which causes the
starch to become soluble, the two may be separated. The method
commonly used is one in which some enzyme is used which will
hydrolyze the starch to soluble sugars but which does not attack
the pentosans. There are several sources of these diastatic or
. ____
,,________-.
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araylolytio enzyaea, malt infusion, fresh saliva, pancreatic
extract, and blood serum being the most common. On treating a
mixture of starch and pentosans with malt infusion or diastase,
the starch is broken down to dextrin and maltose while the
pentosans are unaffected. Since the dextrin and maltose are
soluble, they will be separated from the pentosans by filtration.
By further hydrolysis with dilute acid, the dextrin and maltose
will be hydrolyzed to dextrose and so simple reducing sugars
which have come from the starch only will be the final products.
These methods have been thoroughly studied and are considered
very reliable,
EXPERIMENTAL.
The sample after drying and grinding weighed from 8 to
10 grams, and was in a condition so that it would not change
composition and could be analyzed at any time. For sake of
convenience in calculating, which will be explained later, 1.5
grams were taken for analysis. Two samples were weighed out and
treated as follows:
The samples were transferred to filter paper placed in
funnels to which suction could be applied. Five portions of 10cc.
each of ether were poured over the sample, light suction being
used to hasten the filtration. The filtrate became a brown-green
due to the chlorophyl which was dissolved from the leaves. The
samples were then washed on the filter with 150 cc. of 10$ alcohol
to remove soluble sugars which would give higher results.
The samples were washed from the filter papers with

7water into a beaker of 200 oo. capacity. About 50 oc, of
distilled water was added and the mixture waa brought to boiling.
Stirring was necessary to prevent bumping and the formation of
lumps. The starch granules were gelatinized and broken up at the
temperature of the boiling water, making them more easily attacked
by the diastase. After the water had come to the boiling point
,
the mixture was allowed to cool gradually and the diastase
solution was added.
To obtain this solution, barley malt was ground to pass
a 100 mesh sieve and freed from husks. About 10 grams were
digested with 200 cc, of water at room temperature for several
hours
•
The temperature most favorable for the action of
diastase on starch is within one or two degrees of 55 C, So when
o
the solution had cooled down to about 60 C«, 25cc<> of the cold
malt solution were added, and the temperature was kept within one
or two degrees of 55°C, Since the diastase is capable of forming
reducing sugars on further treatment, a blank determination must
be made and allowed for. 25cc . of the diastase solution was taken
and treated exactly the same as the samples.
The starch solution was kept at 55° 0« until apparently
all of the starch had been broken up. The time was usually about
a half hour and was shown by a drop giving no blue coloration with
a solution of iodine in potassium iodide if the gelatinized starch
was all hydrolyzed. The whole mixture was heated to boiling again
and allowed to cool. This was done to break up any starch granules
which were not broken up before. It was allowed to cool to 55°C«
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and 25oc. of the diastase solution added to each sample again,
and digested till there was no test for starch with potassium
iodide and iodine 25cc. were added to the blank solution also.
The samples were now ready for the acid hydrolysis*
The contents of the beaker were washed into a 250cc. volumetric
flask and made up to the mark. The insoluble portion of the
leaves still remained. and was filtered out thru a dry fluted
filter, the first few cc. of the filtrate being rejected. 150cc.
of the clear filtrate was placed in a 250cc. Erlenmeyer flask and
15cc. of HC1 sp. gr, 1.125 were added and the whole was boiled
under a reflux condenser for 50 - 45 minutes. This completely
hydrolyzed the maltose to dextrose. After cooling, the sample
was nearly neutralized with NaOH, and made up to 250cc. in a
volumetric flask. This completed the preparation of the sample
and the determination of the reducing sugar could be made at any
time. Sometimes a brown precipitate settled out on standing and
this was filtered off. This was probably some of the fine sample
which had passed through the paper on previous filtration.
The determination of the reducing sugar was the most
tedious and dificult part of the experiment. The method used was
the Allihn* modification of the original Pehling method. The
solutions used were the copper sulphate solutions and the alkaline
tartrate solution. 34.64 grams of crystalized CuSO^ were
dissolved in water and diluted to 500oc. For the Rochellesalt
*Bulletin 107 revised, Bureau of Chemistry, pg. 49.
Allihn,
.J. prakt. Chem. (2) 21, 227,
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solution, 172 grama of sodium potassium tartrate and 125 grams
of KOH were dissdlved in water and made up to 500cc.
30cc. of each of these solutions were mixed in A 400oo #
beaker and an equal volume of water added. This was brought to
boiling and 25co. of the sugar solution added.The mixture was
heated again so that it would boil again in about a minute, and
the time of commencement of boiling noted. Boiling was continued
for exactly 2 minutes. The length of time of boiling was very
essential because increased boiling deposited more CUgO than the
sugar was responsible for. The flame was removed and the solution
filtered immediately on a Gooch crucible. After washing the pre-
cipitate free from alkali, it was washed with lOcc. alcohol and
lOcc. ether and dried at 100 C. for 20 minutes. The alcohol and
ether were added to dehydrate the felt in ths crucible as much
as possible. The precipitate was weighed as CUgO and by referr-
ing to Allihn's tables*1 , the percent of reducing sugar was obtained
Because of the small amount of starch present, it was necessary to
extrapolate in the table to find the dextrose corresponding to the
Cu precipitated. The amount of dextrose found in the blank
determination was subtracted from that found in the samples, the
difference being that resulting from the hydrolysis of the starch
in the leaves.
^Bulletin 107 revised, page 49 et seq.
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CALCULATION.
By taking 1.5 grams for a sample, the calculations were
simplified greatly. For example, If 36 mg. of Cu^O were obtained,
that corresponded to 17 mg. of dextrose. Now the 1.5 gram sample
was dissolved and diluted to 250cc. and 150oc. or 3/5 of this
used. This amount was again diluted to 250cc* and S5cc. or l/lO
of the final dilution used for analysis. Then 3/2 x 3/5 x l/lO =
•09 grams of sample in each 25co. of solution. If the reducing
sugar is taken as dextrose, it must be multiplied by .9 to obtain
the equivalent in starch. Hence if 25cc» of solution precipitated
36 mg. of Cu which is equivalent to 17 mg. of dextrose, the
percent, of starch in the solution will be:
.017 x .9 x 100 .017 x .9 x 100 _ .-^
3/5 x 3/2 x 1/10 ~ 709 " Lf7°*
So the percent, of starch is equal to the mg. of dextrose found
in the table when 1.5 grams of sample are used.
DISCUSSION OP RESULTS.
An examination of the tables will show that few
conclusions can be drawn from them. The results on samples #15
and #20 are inexplicably high, and are not considered here. Since
these results were obtained by duplicate determinations on
different portions, they seem to be reliable. Doubtless they are
due to some individual variation in the plants themselves. In
each series, out of the plants receiving only one fertilizer, the
order of magnitude is the same, from nitrogen, the highest, to
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potassium, the lowest. This accords with the work of Beal and
Muncie, who found that the maltose content of potassium fed plants
was highest, indicating the greatest hydrolsis of starch by
diastase. It is unfortunate that the writer was unable to make
some studies on the content of soluble carbohydrate In the plants,
as a corroborative test.
The nitrogen-phosphorua combination shows a lower
starch content in each case than does the phosphorus-potassium
groupe, while the nitrogen-potassium seems to show a recovery
from the effect of the feeding if the diet is stopped at the end
of the first period. It will be noticed in this last group that
the effect of continued feeding over both periods caused less
starch to be found than when the applications were made during
the second period alone.
Not much can be said of the nitrogen-phosphorus-
potassium group except that the effect of the potassium is most
marked in the first and third series, where the plants received
the fertilizers during the growing stage, than when it was
applied solely during the reproductive stage.
SUMMARY
•
Chrysanthemum plants of the Colonel Appleton variety
were grown in the greenhouse, and received applications of
commercial fertilizing salts in water solution.
The fertilizers used were ammonium sulphate, di-sodlum
phosphate ana potassium sulphate, applied singly and together
during three periods.
,
^
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The effect of potassium on the starch content of the
leaves is most marked, causing a decrease in the amount of starch,
due possibly to an excitation of diastatio action.
Nitrogen alone caused little change in the starch
content but in general had a little inhibiting effect on the
action of either of the elements.
Phosphorus also has a stimulating action on the
diastase but not quite so marked as potassium*
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TABLE I.
Series
.
Sample No. Percentage of Starch
N
2 N
3 N
24
23
21
2.67
5.72
4.32
2.62
5.72
4.32
2.57
5.72
4.22
P
2 P
3 P
22
'5
3
2.20
3. IS
1.80
2.52
3.25
1.80
2.52
3.30
1.90
K
2 K
3 K
9
7
13
2.09
1.67
1.86
2.04
1.72
1.77
2.00
1 .77
1.81
NK
2 NK
3 NK
2
8
6
4.50
1.26
.58
4.48
1.30
.58
4.56
1 .30
•64
NP
2 NP
3 NP
11
17
1
1.55
1.08
96
1.55
1.08
.96
1.55
1 *04
1.05
PK
2 PK
3 PK
10
15
14
2.00
11.03
2.82
2.00
11.00
2.82
2.00
11 .08
2.82
NPK
2 NPK
3 NPK
16
19
12
.77
1.66
1.45
.72
1.61
1.45
.66
1.55
1.41
Check
Check
Check
20
4
18
7.22
4.57
4.58
7.22
4.44
4.53
7.31
4.54
4.62
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TABLE II.
N 2.62
P 2.52
K 2.04
1.55
4.48
2.00
-f-.72
TABLE III.
2 N 5.72
2 P 3.25
2 K 1.72
1.03
1.30
11,00?
1.61
TABLE IV
3 N 4.22
3 P 1.80
3 K 1.77
.58
96
>-jU45



